The foundation for lower extremity reconstruction with free tissue transfer was established in the 1980s and early 1990s, and deemed safe and effective in lower extremity salvage, securing the role of free tissue transfer in the armamentarium of plastic surgeons. [1] [2] [3] [4] [5] [6] [7] [8] Muscle flaps such as the latissimus dorsi and the rectus abdominis, the initial workhorse flaps, remained staples of lower extremity reconstruction whereas newer fasciocutaneous flaps such as the anterolateral thigh (ALT) flap were developed. As surgeons became comfortable harvesting the ALT, this flap was found to be reliable and
effective in covering open fractures in the lower extremity.
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While the introduction of locoregional propeller and perforator flaps over the last decade has expanded reconstructive options in the lower extremity, free tissue transfer with the ALT flap has remained the predominant technique for coverage of complex lower extremity defects as it avoids the zone of injury, which often limits the utilization of locoregional flap coverage. [12] [13] [14] However, despite its popularity, the ALT flap is not without limitations in the coverage of lower extremity defects. Specifically, in the treatment of small-and medium-sized
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Abstract
Background There have been significant advancements in lower extremity reconstruction over the last several decades, and the plastic surgeon's armamentarium has grown to include free muscle and fasciocutaneous flaps along with local perforator and propeller flaps. While we have found a use for a variety of techniques for lower extremity reconstruction, the free gracilis has been our workhorse flap due to the ease of harvest, reliability, and low donor site morbidity. Methods This is a retrospective review of a single surgeon's series of free gracilis flaps utilized for lower extremity reconstruction. Demographic information, comorbidities, outcomes, and secondary procedures were analyzed. Results We identified 24 free gracilis flaps. The duration from injury to free flap coverage was 7 days in 6 patients, 8-30 days in 11 patients, 31-90 days in 4 patients, and > 90 days in 3 patients. There were 22 (92%) successful flaps and an overall limb salvage rate of 92%. There was one partial flap loss. Two flaps underwent incision and drainage in the operating room for infection. Two patients developed donor site hematomas. Four patients underwent secondary procedures for contouring. Our subset of pediatric patients had 100% flap survival and no secondary procedures at a mean 30-month follow-up. Conclusion This study demonstrates the utility of the free gracilis flap in reconstruction of small-to medium-sized defects of the lower extremity. This flap has a high success rate and a low donor site morbidity. Atrophy of the denervated muscle over time allows for good shoe fit, often obviating the need for secondary contouring procedures.
defects of the lower extremity, the ALT flap often requires multiple secondary operations for flap debulking, as it does not atrophy over time. 15 Furthermore, for reconstruction of foot and ankle defects, the bulk of the ALT flap impairs aesthetic outcomes and hinders shoe and orthotic fitting, which is a significant limitation for return to functional activity.
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Given these limitations with the ALT flap in select patients, it is our institutional preference to utilize the gracilis muscle flap for reconstruction of small-to mediumsized defects of the lower extremity in adult and pediatric patients. The gracilis muscle flap has many of the same advantages as the ALT flap, while providing additional benefits in lower extremity reconstruction. Similar to the ALT flap, the gracilis can be harvested in a two-team approach on the ipsilateral leg, therefore obviating the need for draping surgical sites on the abdomen or back and intraoperative position changes. As the gracilis donor site morbidity is low and the upper extremity and trunk are left undisturbed, ambulating with a crutch is not a problem in the postoperative period. [16] [17] [18] [19] Furthermore, unlike the fasciocutaneous ALT flap, the gracilis is a denervated muscle flap that will atrophy over time, potentially improving flap contour and aesthetic outcomes without requiring multiple secondary procedures. This is especially important in the pediatric population, where patient growth puts a high demand on flap contour. While the gracilis muscle flap has been well described from an anatomic standpoint, the utility of this flap in lower extremity reconstruction is underreported in the literature as it is often considered a secondary or tertiary option. 12, 14, 19, 20 Furthermore, there is a paucity of data on long-term outcomes and revision rates following free gracilis muscle flap reconstruction of lower extremity defects, with reports including pediatric patients specifically lacking in the literature. The objective of this study is to demonstrate the safety and efficacy of the free gracilis muscle flap as a primary option in reconstructing smalland medium-sized lower extremity defects in the adult and pediatric population. In addition, we demonstrate the ability of the gracilis flap to contour to defects over time, and evaluate the need for secondary debulking or aesthetic procedures following initial reconstruction.
Methods
Following institutional review board approval, a retrospective review was performed to identify all patients who underwent free tissue transfer for lower extremity reconstruction over an 11-year In regards to preoperative imaging, 11 patients did not undergo any imaging, 11 patients had formal angiography to evaluate lower extremity vessels, and 2 patients had a computed tomographic (CT) angiogram for vessel evaluation. Both CT angiograms were read as normal; however, six of the formal angiograms were abnormal: the anterior tibial artery was occluded in two patients, the posterior tibial artery was occluded in two patients, and a combination of vessels were occluded in the remaining two patients, leaving those patients with a leg dependent on a single vessel. In all cases in which there was an occluded vessel, the distal end of the damaged vessel was used for the end-to-end anastomosis. The anterior tibial artery was used as a recipient vessel in 6 cases, the posterior tibial artery in 14 cases, branches off the geniculate arteries in 2 cases, and the dorsalis pedis and medial plantar in 1 case each (►Table 3). We used an end-toend anastomosis in all cases. The mean warm-ischemia time was 70 minutes. The duration from injury to free flap coverage was 7 days in 6 patients, 8-30 days in 11 patients, 31-90 days in 4 patients, and > 90 days in 3 patients. Overall, there were 22 (92%) successful flaps. There were two (8%) total flap losses. The flap losses occurred in flaps performed 8 and 14 days after injury (►Fig. 1). Of the flaps that were ultimately successful, there was one partial flap loss. In regards to complications, 2 (8%) patients underwent incision and drainage in the operating room for flap infections, 2 (8%) developed donor site hematomas that were drained in the operating room, 4 (17%) eventually underwent bone-grafting procedures for nonunion, and 5 (21%) had problems with chronic osteomyelitis that resulted in eventual hardware removal. Revisions were infrequent, there was one case of complete skin graft loss requiring a repeat skin grafting procedure, and four patients underwent flap debulking and contouring after the flap had healed (►Table 4). On comparison to published reports in the literature on lower extremity reconstruction using flaps other than the gracilis, our limb salvage, flap failure, and complication rates are all consistent with accepted standards (►Table 5).
Our overall lower extremity salvage rate was 92%, as there were two (8%) amputations: one early and one late. The patient undergoing lower extremity salvage after total knee arthroplasty ultimately underwent an above the knee amputation 8 days after partial loss of the gracilis flap left the knee extensor mechanism exposed. The second amputation occurred 2 years after the original free flap in the patient with a distal tibial wound after a fall from height. This patient had a total flap loss followed by a reverse sural artery flap as a salvage procedure. This was complicated by chronic osteomyelitis necessitating the eventual below-the-knee amputation. All patients with limb salvage were able to ambulate independently at time of last follow-up (mean: 29 months).
There was a subset of four pediatric patients with an average age of 9 years (range: 5-13). There were no medical comorbidities in this group. Two patients presented with a crush injury: one after an ATV accident and the other after a crush/avulsion from a lawnmower. One patient had wound coverage within 7 days, whereas the other three fell in the 8-to 30-day category. Flaps were covered with a skin graft at the initial operation. All flaps survived with no complications. There was no donor site morbidity reported. At a mean follow-up time of 30 months (SD AE 16), no one required a secondary operation for orthotic or shoe fitting (►Table 6) and all pediatric patients had the ability to ambulate independently without gait abnormalities.
Discussion
This study represents an institutional review of lower extremity reconstruction using a free gracilis muscle flap over an 11-year period. In our practice, we preferentially choose the gracilis muscle flap for small-and medium-sized defects of the lower extremity. The technique of gracilis harvest has been well described. 19, 20 The harvest of this particular muscle flap is straightforward and technically feasible as there is a reliable vascular pedicle approximately 6 to 7 cm in length coming off the medial circumflex femoral artery. With proximal dissection, a vessel caliber of 2 mm can be obtained.
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The muscle is innervated by a branch of the obturator nerve Posterior tibial artery 14 58
Other (genicular, dorsalis pedis, medial plantar) and can be harvested as a free functioning muscle flap if needed. 21, 22 The gracilis flap is approximately 30 cm in length, and its average width is 4 to 5 cm. 19 In most cases of lower extremity reconstruction with a free gracilis flap, the muscle is covered with a split-thickness skin graft at the initial operation. This allows for improved wound care while preserving the ability to monitor the flap.
Our flap loss rate of 8% is in line with published reports of free flap survival in lower extremity reconstruction. 12, 18, 19, 23 It is important to acknowledge that while we lost only two flaps completely, our one partial flap loss led to exposure of critical structures despite the majority of the flap surviving. This patient had already been through multiple procedures to salvage a total knee arthroplasty. After the partial flap loss Lower Extremity Reconstruction with Free Gracilis Flaps Franco et al. 221
with exposure of the knee extensor mechanism, the surgical teams along with the patient opted for above-the-knee amputation. One of our flap losses occurred in a patient in a motor vehicle collision resulting in a Gustilo grade IIIB injury with an open tibia/fibula. The patient's only significant medical issue was tobacco use. The patient had an external fixator applied to the lower extremity and underwent intramedullary nailing of the tibia along with open reduction internal fixation (ORIF) of the lateral malleolus after two procedures for washout and debridement. A formal angiogram revealed an occluded anterior tibial and peroneal artery. The open wounds were prepared with a negativepressure dressing until free flap reconstruction occurred 8 days after the original injury. The arterial anastomosis was performed to the distal end of the anterior tibial artery, and there were no intraoperative complications. The flap displayed signs of venous congestion on postoperative day 1 and went back to the operating room (OR) emergently for evaluation. Ultimately, we used a vein graft to salvage the flap; however, the flap continued to have problems with venous drainage and was deemed nonviable. On postoperative day 8, the patient underwent debridement of the flap followed by dermal regeneration template (Integra LifeSciences Corporation, Plainsboro, NJ) placement and subsequent skin grafting. The limb was ultimately salvaged. The other total flap loss occurred in a patient who had a fall from height resulting in an open tibia and fibula fracture, along with a fracture of the talus. The patient had no medical comorbidities. The patient was treated with an external fixator while incision and drainage procedures were done to prepare the wound. The flap was performed 14 days after injury and there were no intraoperative complications. The flap was noted to have venous congestion on postoperative day 1 and underwent leech therapy. Ultimately, the flap was deemed nonviable. This patient had recipient site debridement and a reverse sural artery flap 2 weeks after the original flap. Unfortunately, this was complicated by chronic osteomyelitis and the patient underwent a below-the-knee amputation 2 years after the injury.
A recent meta-analysis on the subject of lower extremity reconstruction with free tissue transfer found an overall failure rate of 6%. This analysis revealed that the gracilis flap was the third most utilized flap after the ALT flap and latissimus dorsi flap.
14 Our failure rate is consistent with this and other published reports. 12, 14, 18 In a retrospective review of 119 free flaps in 114 patients, Fischer et al reported using the gracilis free flap in only three (2.5%) cases. Most flaps used in their series were the ALT flap (40%) and the rectus abdominis flap (18%). They reported that in two of the gracilis flaps there were intraoperative factors that led to major complications requiring reoperation, but there was no total flap loss. 12 Because the free gracilis was only used in three cases, it is difficult to draw conclusions of safety and efficacy with regards to this specific flap. The limited reports on lower extremity reconstruction with the gracilis flap have suggested promising results. For example, Redett and colleagues reviewed their experience with 50 gracilis flaps for lower extremity reconstruction, preferentially used in small-and medium-sized defects of the lower extremity, and identified ease of harvest, low donor site morbidity, and the fact that the donor site does not interfere with crutch use as the reasons why they prefer this flap. These authors reported a 95% lower extremity salvage rate. In their series, smoking and Gustilo grade IIIC injuries were associated with lower flap survival.
Additionally, in a series from Osiogo et al focusing predominantly on the gracilis muscle flap for foot and ankle reconstruction in patients with diabetic wounds or infected wounds, there was only one flap failure (2%). 18 Our experience corroborates and expands on these earlier reports. We echo these authors' thoughts that the gracilis muscle flap is easy to harvest, allows for a two-team approach on the ipsilateral leg, and provides lower extremity salvage rates that are consistent with salvage rates reported for other flaps.
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In regards to timing of wound coverage, our patients fell into four groups: 0-7, 8-30, 31-90, and > 90 days after injury. The two total flap losses were done 8 days and 14 days after injury. The partial flap loss that resulted in the above-the-knee amputation was done 36 days after initial injury. The ideal timing of flap coverage for lower extremity wounds remains controversial. Recently, Hill et al reviewed their series of 60 free flaps for lower extremity reconstruction to evaluate the effect of timing of wound coverage on outcomes. They found no difference in outcomes comparing patients undergoing reconstruction < 30, 31-90, and > 90 days after injury, and concluded that the historical data that suggested an advantage to early flap coverage (< 72 hours) may no longer be relevant given advances in wound care, debridement techniques, broad-spectrum antibiotics, and the advent of negative pressure dressings. 24 We tend to agree with this conclusion. It is our practice to provide early wound coverage when possible, but it is reasonable to provide delayed wound coverage if physiologic or logistic issues make early coverage unsafe or impossible. Our complication profile was in line with published reports. 18, 19 In complex lower extremity wounds, there are still challenges of nonunion and osteomyelitis that come with open long bone fractures. Five of our cases were complicated by osteomyelitis. Four out of five of these patients had osteomyelitis noted in their records before flap coverage was performed. All of the flaps were done in a delayed fashion from 1 month to > 2 years after injury. Three of these patients had wounds resulting from a motor vehicle collision.
One wound was from a dog bite and the other patient had an infected wound related to underlying diabetes. Another potential advantage of the gracilis flap compared with the ALT flap or the latissimus flap is the low rate of donor site complications. In our series, there were only two donor site complications; both were hematomas that were drained in then operating room. This low donor site complication rate is in line with the literature, which indicates that complications are rare and usually minor in nature. While it has been found that there is a small, measurable change in strength after gracilis harvest, we did not find this clinically; however, we did not use specific objective measures.
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One of the major advantages of the gracilis free flap is the benefit inherent to a muscle-only flap; the muscle will atrophy over time and the contour will improve, often without secondary procedures. Recently, Nelson et al reviewed their series of free flaps for lower extremity reconstruction identifying secondary procedures to improve esthetics. They found that approximately 20% of their patients underwent secondary procedures to improve the contour and esthetics of the free flap. The procedures included complex local tissue rearrangement or debulking, direct scar excision, liposuction, and laser scar treatment.
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In our series, four (19%) patients out of the cohort that had successful lower extremity salvage ultimately underwent secondary debulking procedures. Two of the patients had wounds affecting the ankle: 1 had a calcaneal wound and the remaining patient had a distal tibia wound. All patients underwent revision procedures to help with esthetics to some degree, but more importantly, to assist with shoe fitting. Two of the patients had contouring procedures combined with hardware removal or revision, suggesting that they may not have undergone debulking if not for the need of another procedure. All patients had direct debulking with complex local tissue rearrangement along with revision skin grafting in one case. The debulking procedures were performed on average 14.5 months after the initial free flap. Fifteen (81%) patients who had successful lower extremity salvage with a viable free flap did not require or request secondary contouring surgery for esthetics or for shoe fitting. Eight (38%) of these patients had wounds of the ankle or foot. We experience that the free gracilis flap with skin graft experiences muscle atrophy over time, improving contour and providing durable soft tissue that fits well in a shoe. An example of this is shown in ►Figs. 2a-d. The patient in ►Fig. 2a-d had a shotgun blast to the plantar foot resulting in a wound with exposed metatarsals. The patient did well after debridement and soft tissue coverage with a free gracilis muscle flap and a split-thickness skin graft. After 8 months of follow-up, the flap and skin graft are well healed with a functional and esthetic contour.
This study has limitations inherent to a retrospective review. There is no control group leaving conclusions to be drawn from comparisons to the current literature on the topic. A direct comparison between two flap types in lower extremity reconstruction remains challenging due to the extreme heterogeneity of patient comorbidities, mechanisms of injury, wound defects, and reconstructive options as well as the sample size needed to detect a meaningful difference between two reconstructive options. We performed a power analysis and if one considers a sample flap failure rate AE 5.0% from the accepted flap failure rate for lower extremity flap reconstruction to be clinically significant, assuming a power level of 80% and an α of 0.05, we calculate that a study would need a minimum of n ¼ 282 patients undergoing free flap procedures to detect a meaningful difference between two flap types in lower extremity reconstruction. Therefore, we compared our outcomes descriptively to published reports from the literature on lower extremity reconstruction. Our study is also limited by the lack of objective measures of function, esthetics, and contour, which would have helped with determining the place of the free gracilis in reference to other flaps utilized for lower extremity reconstruction. We do not have length of hospital stay, which makes it difficult to identify the impact of complications on the hospital course and cost of free tissue transfer. In addition, due to the relatively small sample size, the use of rigorous statistics was precluded giving more of a qualitative analysis. Furthermore, the timing to surgery after injury was not standardized and the groupings were developed based on our outcomes and existing data. Despite these limitations, our experience demonstrates that, in the appropriate patient, the gracilis flap is a safe and effective flap that may have advantages over fasciocutaneous flaps or other muscle flaps from the abdomen or back. The gracilis being harvested from the ipsilateral leg, facilitating efficiency during the operation and as a muscle flap, as opposed to fasciocutaneous flaps, has the propensity to atrophy over time and potentially eliminate the need for secondary contouring procedures. In our four pediatric patients, the gracilis flap proved to be a good option with no donor site morbidity and no secondary operations required to date.
Conclusion
These data add to the body of evidence that shows the free gracilis flap is a reasonable option when used to cover smallto medium-sized defects of the lower extremity. This is especially true when trauma to the lower extremity precludes the use of local tissue in a perforator style flap. The harvest is straightforward and there is a reliable neurovascular pedicle. Furthermore, the donor site morbidity is low, especially when compared with back and abdominal muscles as donors. An additional benefit of the free gracilis is the expected muscle atrophy, which can help with esthetics and contour in the critical area around the foot and ankle, reducing the need for secondary procedures and assisting with shoe fitting.
